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PFC = perfluorinated chemical, "perfluorochemical" 

PFC = perfluorocarbons, a family of greenhouse gases 

Poly- and perfluoroalkyl substances= PFASs 

Perfluoroalkyl acids = PFAAs {a subclass of PFASs) 
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Perfluoroalkyl acid 

Buck eta/., 2011, IEAM. 

Po/yfluoroalkyl acid 
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It's not just 
PFOS and 
PFOA 

Wang eta/. 2017, ES&T. 

Sub-classes of PFASs 

PFCAso 

PFSAso 

PFPiAso 

PFECAs & PFESAs '> 
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Adapted from Oliaei 2013, Environ Pollut Res 
1AIIred eta/., 2014. J Chrom; 

( < 1 00 ng/L )2 

2Schultz eta/. 2006, ES& T; Higgins et al. 2005, ES& T; 
3Ahrens eta/. 2015, Chemosphere 

AFFF 

AFFF-impacted 
groundwater = up to mg/L 

AFFF-impacted surface water- 100s ng/L3 
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Transpiration Stream Concentration Factor (TSCF): 

TSCF == [u 
[DCC 

• Plant uptake models suggest maximal TSCF at log Kow - 2 

• New model suggests sigmoidal relationship with log Kow 

• Many CECs of interest are small, polar, and/or charged and 
have low log Kow values (if measureable) 

Collins eta/., 2006. ES& T; Dettenmaier eta/., 2009. ES& T. 
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Bioaccumulation Factor {BAF) 

PF AA in plant ( ng PFIAAt) 
gdwP an BAF= ----------------

PFAA in soil (ng PFA_Al) 
gdwSOl 

• Assumption - non-volatile 
- Eliminates air-plant pathway 

• Passive transport from soil to plant (via porewater) 
- Most likely dominant uptake pathway 
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Biosolids Studies Reclaimed Water Studies 
• Greenhouse-based studies of • Greenhouse-based studies of 

lettuce, radishes, tomatoes, lettuce and strawberries 
celery, and snap peas 

• Pilot-scale field trials of 
lettuce, tomatoes 

• Field-based corn study 

Blaine eta/., 2013. ES&T. 47: 14062-14069 
Blaine eta/., 2014a. ES& T 48: 7858-7865. 
Blaine eta/., 2014b. ES& T 48: 14361-14368. 
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• Need to measure PFAAs in a wide 
variety of matrices (soil, water, 
different plant tissues) 
- Non matrix-matched approach needed 

• All PFAAs measured using liquid 
chromatography tandem mass 
spectrometry (LC-MS/MS) 
- Stable isotope surrogates employed 

whenever possible 
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Crops 
• Edible root: radish (Raphanus sativus) 
• Edible stem/leaf: celery (Apium graveolens var. dulce) 
• Edible leaf: lettuce (Lactuca sativa 'Multy') 
• Edible fruit: tomato (Lycopersicon lycopersicum 'Stu pice') 
• Edible fruit/seed: sugar snap pea (Pisum sativum) 

Soils 
• "Control" - Field-collected unamended soil 
• "Industrially-Impacted"- Control +com posted biosolids (1 0°/o mass) 
• "Municipal Soil" - Field-collected biosolids-amended soil 
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Mean and standard error are shown (n = 5) 
Values marked with an asterisk are significantly different (a= 0.05) than the control treatment 
Values less than the LOQ are denoted by <. 

Blaine eta/., 2013. ES&T. 47: 14062-14069. 
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• Lettuce- Industrially-Impacted Soil 
o Lettuce - Municipal Soil 
• Tomato- Industrially-Impacted Soil 
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Crops 

• Edible Leaf (lettuce) 

• Edible Fruit (tomato) 

Biosolids-Amended Plots- 3 replicate plots each 

• Control (unamended) 

• 0.5X agronomic rate for N (single application) 

• 1X agronomic rate for N (single application) 

• 2X agronomic rate for N (single application) 

• 4X agronomic rate for N (single application) 

13 
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Analyte 

PFBA 

PFPeA 

PFHxA 

PFBS 

PFHxS 

PFOS 

Field Trial 
Lettuce 

(4X Soil) 

39.89 

16.29 

2.02 

1.51 

0.10 

Field Trial 
Tomato 
(4X Soil) 

18.22 ± 5.34 

14.85 ± 1.96 

6.84 ± 0.81 
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Two compartment crop grown in 
biosolids-amended soil 
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Blaine eta/., 2014a. ES& T 48:7858-7865. 
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Three compartment crop grown 
in biosolids-amended soil 
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• Tomato Fruit: y = -0.54 (0.06) x + 2.84 (0.35) 
Pea Fruit: y = -0.58 (0.08) x + 3.05 (0.37) 
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Blaine eta/., 2014a. ES& T 48:7858-7865. 
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BAFs Relative to Soil 
• 

• 

• 

Assumed equilibrium 
Varied soil OC 
- Soil OCt, BAF ~ 

Comparison to biosolids­
amended soil: 

Reclaimed water NOT in 
equilibrium with soil 
PFAAs i 
in reclaimed water than in 
biosolids-amended soil 

Blaine eta/., 2014b. ES& T 48: 14361-14368. 
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0.4% OC soil: y =- 0.44 (0.08) x + 5.28 (0.44) (R2 = 0.87) 
2% OC soil: y = - 0.63 (0.07) x + 5.58 (0.42) (R2 = 0.95) 
6% OC soil: y =- 0.58 (0.07) x + 4.30 (0.42) (R2 = 0.93) 
Biosolids-Amended Soil (6.3% OC): y =- 0.31 (0.02) x + 2.40 (0.15) (R2 = 0.96) 
Biosolids-Amended Soil (2.2% OC): y =- 0.32 (0.03) x + 2.69 (0.14) (R2 = 0.91) 
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• Bias against longer chain carboxylates and 
fruit 

Blaine eta/., 2014b. ES& T 48: 14361-14368. 
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• PFAAs can bioaccumulate into plants from PFAA contaminated soils and 
reclaimed water 

• Plant uptake factors for PFAAs dependent on chain length and head group 

- short-chain > long-chain 

- carboxylates > sulfonates 

• PFAA distribution within plants 

- short-chain in fruit crops 

- long-chain in shoot or root crops 

• Concentration-dependent uptake suggests passive uptake 

• Data suggest new plant accumulation models and further toxicological 
studies on short-chain PFAAs may be needed 

• What about other PFASs present in AFFF-impacted groundwater? 
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"The opinions expressed are those of the speaker. Findings, 
opinions, and conclusions in this presentation do not represent 
and should not be construed to represent any U.S. EPA 
determination or policy." 

Funding provided by: 
• U.S. EPA Regional Applied Research Effort (RARE) Grant: 

Measuring for Perfluorochemicals in Field Soils and Crops 
• U.S. Department of Agriculture AFRI Grant #2011-67019-21118 
• An Associated Project of ReNUWit: Re-Inventing the Nation's 

Urban Water Infrastructure (National Science Foundation) 
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• 

• 

Drinking Health 
for 

Pedluorooctanoic 

Pertluorooctane Sulfonate 
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• 

• 

Chemical 

PFOS 

PFOA 

16 3.3 

16 3.3 

Similar range as 
identified by Australia 
ood standards (1-9 

jJg/kg) 

0.16 0.031 17000 3400 

0.057 0.011 3100 620 

More conservative than Less conservative than 
EPA residential soil drinking water health 
guidelines for direct advisory (70 ng/L) 
consumption (6-16 
mg/kg, dw) 
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